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through the cell membrane from extracellular
fluid which surrounds them The nutrients in
elude carbohydrates fats proteins minerals
vitamins and water Fats and carbohydrates are
important principally as sources of energy though
both types of compound are found in permanent
cell structure Proteins are complex substances ot
high molecular weight which contain nitrogen m
addition to the carbon hydrogen and oxygen
found in the other compounds They are of
fundamental importance in the structure and
function of the cell and are built up of i number
of simple nitrogen containing organic molecules
called iinino acids There a,re twenty ammo
acids occurring commonly in nature so that the
number of possible combinations m large protein
molecules is quite clearly enormous A group of
proteins whose significance is well established are
the enzymes which are the catalysts of chemical
reactions in living cells Each enzyme will
control and speed up a specific reaction even
though it is present in very small amounts and is
usually unchanged at the end of the process &.
large number of inorganic mineral salts are
essential for cells to function normallv Some
such as sodium potassium and calcium salts are
needed in considerable quantity others are
required only tn trace amounts and these include
iron copper and manganese The trace elements
are usually important constituents of enzyme
systems Vitamins are also necessary in very
small amounts and it seems reasonable to conclude
that their function is also a catalytic one in parts
of some enzyme systems
I CYTOPLASM.
For a long time cytoplasm was thought to be a
homogenous and structureless substrate in which
enzymes occurred as part of a general colloidal
system With the refinement of techniques such
as electron microscopy and ultracentrfiueation.
more and more identifiable components have been
found withm the cytoplasm It now seems certain
that the material other than these recognisable
particles is not a structureless matrix but a highly
organised and variable complex at the molecular
leveL
Identification of Components recent techniques
intracentrifuse
When soft tissues such as liver are ground up m
a homoeeniser which, usually takes the form of a
plunger fitting fairly tightly into a glass tube the
cells are broken up but the smaller particles
escape destruction The particles remain m a
highly active biochemical state if the salt concen
tration of the liquid into which they are released
by homogemsation Is more or less the same as that
within the cell from which they came Early
failures to isolate cell fractions were almost all
attributable to osmotic difficulties m which differ
ences of salt concentration led to the movement of
water into or out of the particles and to their sub
sequent destruction The homogenate can be
treated m a centrifuge in which nigh speed rotation
subjects the particles to forces many thousands
tunes greater than gravity As a result the
heaviest particles such as the nuclei are deposited
flrst on the bottom of the centrifuge tube The
liquid is then transferred to another tube and the
process repeated at a higher speed which brings
down slightly lighter particles called mitochondria.
The next collection of particles which can be
obtained is called the ruicrosomal fraction. By
careful use of this technique biochemists can pro
duce a variety of cell constituents vvhlch can be
studied in the absence of all the other reacting
systems of the cell
Radioactive Isotopes
In many of the studies of cell chemistry which
have been made on whole ceHs, on cell fractions or
on isolated enzyme systems progress has been
due in a large part to the availability of isotopes
With the aid of compounds prepared in the
laboratory and labelled with the radioactive
Isotopes of elements such as carbon, hydrogen,
nitrogen oxygen sulphur and phosphorus bio-
chemists can now follow the metabolic fate of
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these substances in living organisms The pre
sence of a radioactive labelled element in any
of the products of metabolism can be determined
by means of Geiger and scintillation counters
The studies involving radioactive isotopes have
shown more clearly than any others that living
material is never static but is in a state of dynamic
equilibrium Substances are constantly broken
down and replaced by other substances so that an
organism may appear to be more or less unchang
ing but its components are ilvays turning over
Light Microscopy
Many of the particles which can be isolated and
studied have been identified within the living cell
by means of the light microscope Especially
useful in this respect have been the phase contrast
and interference modifications which make struc
tures of different refractive index viable and do
not depend on differences in light absorption is
does the ordinary instrument
Electron 'Vioroscope
In light microscopy true images of particles
smaller than the wavelength of light cannot be
formed Great difficulty is experienced m re
solving particles much smaller than 0 5 microns
(0 OOOo millimetre) in size The electron micro
scope which uses a beam of electrons instead of
light is capable of much greater resolution be
cause electrons behave as rays of extremely short
wavelengths Details as fine as 20 Angstroms
(0002 microns) have been resolved and a tre
mendous amount of structure has been re-vealed
by this instrument However many of the
objects which are well known from electron
microscope studies have not been isolated nor have
functions been ascribed to them Conversely
much of the biochemistry of cells cannot be linked
to known structures One of the great limitations
of the electron microscope is that it can only be
used to examine very thin shoes of dead material
X ray Diffraction
A method which can reveal a great deal of
information about the arrangement of constituent
parts in very complex biological molecules is that
of X ray diffraction- In this method X rays are
reflected from regularities in the molecular
structure so as to form a pattern characteristic of
the structure Studies of X-ray diffraction
patterns can be made on living material so that the
internal shape of biological molecules can be
•worked out and the changes if any followed
during phases of activity In many ways X ray
diffraction has been useful in filling the gaps
between biochemical studies of molecular behav
iour and the essentially static view of cell structure
obtained from the electron microscope
Constituents of Cytoplasm.
The following are some of the particulate and
membranous constituents of cytoplasm, which have
been identified and analysed with varying degrees
of success by these and many other techniques
1    Mitochondria and Oxidation.
Mitochondria vary tn shape from cylindrical
rods to spheres and in size from 0 2 to 3 0 microns
When seen tn the living cell they are in constant
motion The whole structure is enclosed •within a
thin double -membrane the inner layer of -which is
thrown into folds extending across the central
cavity of the mitochondrion, and dividing it into
small chambers The function of mitochondria is
to provide energy for the reactions of the rest of the
cell Almost the whole machinery for the oxida-
tion of foodstuffs is to be found m the mtto
chondna and as might be expected is related m
some way to the. complex structure Slight
damage to tb,e mitochondrion will render it tmable
to carry out a complete cycle of oxidative procea
see Destruction of parts of the double membrane
system "prevents the production of energy-rich
phosphate bonds in adenostne triphosphate (ATP)
tn which energy is stored and transported about
the cell

